transvalvular velocity of .4 m/s. A number of recent studies have demonstrated that these criteria may be individually inadequate and mutually inconsistent and that more sophisticated analysis may be required. The scenario of low-flow low-gradient aortic stenosis with impaired LV function is well recognized, but other haemodynamic variants are less well understood. In a landmark paper, Lancellotti et al. 1 used echocardiography to propose a new classification of aortic stenosis. They studied 150 patients with asymptomatic severe aortic stenosis, defined as an AVA ,1 cm 2 and preserved LV function, defined as an LVEF .55%.
All had negative exercise tests. Subjects were divided into four groups on the basis of their peak gradient (. or ,40 mmHg) and stroke volume index (. or ,35 mL/m 2 ). Based on this, groups were defined as normal flow/high gradient, normal flow/ low gradient, low flow/high gradient, and low flow/low gradient. The characteristics of the groups are summarized in Table 1 .
Patients with normal flow low gradient aortic stenosis (AS) have the best event-free survival, while those with low flow low gradient (LF/LG) have the worst outcome with low flow high gradient and normal flow high gradient intermediate. The LF groups were characterized by reduced longitudinal strain and higher BNP, suggesting that despite the apparently normal ejection fraction, low flow reflects myocardial contractile dysfunction and possibly fibrosis and thus a more advanced phase of the disease. Consistent with this, Adda et al. 2 found that LF/LG AS was characterized by impaired longitudinal function on speckle tracking and by elevated valvuloarterial impedance as a measure of global afterload. In a study of patients with AVA ,1cm 2 and LVEF .40% Dahl found that preoperative global longitudinal strain assessed by speckle tracking was an independent predictor of the outcome after aortic valve replacement, providing additional prognostic information over and above conventional measures including the ejection fraction. 3 The implication of these findings is that stroke volume should be assessed in conjunction with valve area, transvalvular gradient, and longitudinal strain for a complete assessment of AS, particularly where there are apparent discrepancies between AVA and mean gradient.
Prediction and assessment of aortic regurgitation posttranscatheter aortic valve implantation
Paravalvular aortic regurgitation is a frequent occurrence after transcatheter aortic valve implantation (TAVI) procedures, is associated with an adverse outcome, and may be related to undersizing of the prosthesis on the basis of annular measurements made in a single plane. Its prediction and quantification remain problematic and a number of studies have emphasized the importance of a multiplanar or three-dimensional (3D) approach to annular measurements. Santos et al. estimated an annular area using both two-dimensional (2D) and 3D transoesophageal echo (TOE) and derived a 'mismatch index' defined as annulus area-prosthesis area, prosthesis area being derived from the nominal diameter of the valve. 4 Mismatch index from 3D TOE was the only independent predictor of AR. Gripari et al. 5 obtained similar findings using an area cover index obtained from 3D TOE and also identified calcification of the commissure between left and non-coronary cusps as a predictor of AR. The implication of these findings is that the 2D echo assessment of the aortic valve is inadequate for optimal sizing of TAVI prostheses, whereas 3D TOE assessment may have an important clinical role. Goncalves et al. 6 studied 72 TAVI patients 5 months after the procedure. The prevalence of paravalvular AR was 44% and this was moderate in 11%. Using real-time 3D TTE images they devised a systematic classification of the localization of paravalvular jets based on a clock face. Paravalvular jets were most common at 12 -3 o'clock corresponding to the location of the commissure between the left and right coronary cusps. More importantly they cropped the 3D data sets to obtain the planimetered area of the vena contracta of the AR jet and were able to demonstrate a good relationship with a volumetric assessment of the AR severity. The three-dimensional-derived vena contracta area was far superior to 2D vena contracta width (AUC: 0.96 and 0.35, respectively). The technique is relatively complex and time consuming but provides an alternative method for the assessment of paravalvular AR after TAVI. Assessment by conventional 2D assessment of the vena contracta is not adequate for clinical use.
Understanding functional mitral regurgitation
Saito et al. 7 used sophisticated 3D echo analysis to explore the relationship of tethering to leaflet geometry and functional mitral regurgitation (FMR) in 44 patients with symmetrical displacement of the papillary muscles. The total leaflet area was calculated at the point of the mitral leaflet closure and also closed area at mid-systole. The coaptation area was defined as total leaflet area -midsystolic area and coaptation index as (total leaflet area -midsystolic area)/total leaflet area × 100. They demonstrated that leaflet coaptation was reduced and the severity of mitral regurgitation increased with increasing degrees of papillary muscle displacement. The coaptation area was the strongest determinant of MR severity. Compared with controls the FMR group had mitral annular dilation but also an increased total leaflet area, suggesting that the enlargement of the leaflets had taken place as a result of the stresses imposed by chronic tethering. The total leaflet area was the same in patients with mild FMR and those with moderate or severe FMR but leaflet to annular area ratio, coaptation area, and coaptation index were all smaller in those with more severe regurgitation. This implies that annular dilation combined with inadequate leaflet remodelling in response to chronic tethering result in an increased severity of FMR. 
